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A  non-destructive  method  for  the  analysis 
of  yttrium,  aluminum  and  oxygen  in  Yttrium 
Aluminum  Garnet  /YAG/  by  14  MeV  neutron 
activation  analysis  has  been  developed 
and  evaluated.  The  fast  neutron  induces 
primarily  /n,2n/,  /n,p/  or  /n,a/  reactions 
with  yttrium,  aluminum,  and  oxygen  to 
produce  isotopes  with  measurable  charac¬ 
teristic  gamma-ray  spectra.  Concentrations 
of  Y,  Al  and  0  were  determined  on  the 
basis  of  calibrated  nuclear  decay  emission 
spectra  recorded  on  selected  standards. 
After  each  analysis  the  crystal  was  re¬ 
turned  to  the  furnace  for  further  adjust¬ 
ments  of  the  growth  parameters,  and  any 
resultant  elemental  variations  were  ob¬ 
served  in  the  next  analysis.  The  accuracy 
of  this  method  was  determined  by  repeat¬ 
ed  analyses  with  various  "YAG”  crystals 
from  a  series  of  separate  furnace  runs . 
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INTRODUCTION 

YAG  /Y2AlgOj^2/  widely  used  in  the  solid  state 
laser  field  as  the  light  emitting  source.  For  example, 
a  new  holographic  interferometer  installed  at  the 
NASA  Ames  Research  Center  is  based  on  a  frequency- 
doubled  YAG  laser^.  Its  unique  physical  properties, 
high  peak  power,  good  temporal  resolution,  and  broad 
spectral  coverage  are  critical  to  a  variety  of  appli¬ 
cations.  In  order  to  produce  these  high  quality  YAG 
3 

lasers  ,  it  is  necessary  to  synthesize  high  purity 
crystals  with  the  correct  stoichiometric  composition. 

This  is  difficult  to  accomplish  due  to  the  extreme 
environment  that  is  used  for  the  synthesis  and  subsequent 
single  crystal  growth.  In  this  process,  yttrium  oxide 
and  alumlntim  oxide  are  mixed  and  then  melted  at  tem¬ 
peratures  above  2000  °C  /Ref.  2/.  It  is  important  to 
find  the  best  method  to  mix  the  oxides  prior  to  heat¬ 
ing  to  the  final  temperature  so  that  large  compositional 
variation  in  the  crystals  will  not  occur.  The  resulting 
crystal  must  be  characterized  in  order  to  determine  the 
correct  chemical  composition  of  the  melt.  X-ray  powder 

4 

diffraction  can  be  helpful  in  the  detection  of  various 
phases  present. 

Accurate  analysis  for  oxygen  determination  using  14 
MeV  neutrons  has  been  a  standard  technique  for  many 
years^.  Aluminum  and  yttrium  each  form  isotopes  which 
decay  with  the  emission  of  gamma  rays  and  can  be  detect¬ 
ed  and  resolved  with  a  Ge/Li/  detector..  Thus  the  con¬ 
centration  of  all  three  elements  can  be  determined 
simultaneously  on  the  same  crystal. 

It  is  possible  to  use  standard  wet  chemical  techniques 
to  analyze  YAG  quantitatively  for  aluminum  and  yttrium, 
but  not  oxygen^.  Also,  such  analyses  are  destructive. 
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u**uV 


Fig.  1. 


Using  the  14  MeV  neutron  activation  method,  all  three 
elements  can  be  determined  non-destructively  while  al¬ 
lowing  the  same  analyzed  crystal  to  be  returned  to  the 
furnace  for  further  adjustments  of  the  growth  para¬ 
meters. 

It  is  known  that  yttrium  aluminum  garnet  /YAG/  can 

9  10 

accept  impurity  ions  into  its  lattice  '  .  By  judicious¬ 

ly  selecting  and  incorporating  optically  active  impuri¬ 
ty  ions,  the  properties  of  solid  state  materials  can  be 
tailored  to  specific  applications. 


EXPERIMENTAL 

Procedure  for  yttrium  and  aluminum  analysis 

Samples  were  core  drilled  from  the  YAG  boule  using 
a  1/4"  diamond  core  drill  in  Fig.  1.  Sample  and  stand¬ 
ard  were  vibrated  and  tamped  into  individual  1.250"  x 
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Fig.  3. 

separate  polyethylene  holders  for  irradiation.  In  or¬ 
der  to  obtain  a  uniform  neutron  flux  both  sample  and 
standard  underwent  three  motions;  rotation,  revolution 
and  traverse^  as  shown  in  Fig.  3.  After  irradiation  for 
20  sec  the  capsules  were  ejected  from  the  neutron 
generator  to  the  counting  station  /Fig.  4/  through  a 
pair  of  flexible  polyethylene  tubes  /3/4"  diameter/ 
by  means  of  compressed  air.  The  samples  were  removed 
from  the  polyethylene  holders  by  a  specially  designed 
stripper  and  dropped  between  two  Nal/Tl/  detectors 

where  a  photocell  was  activated  to  start  the  counting 
9 

sequence  .  Samples  and  standard  were  sequentially 
dropped  into  the  counting  position.  The  complete  ir¬ 
radiation  and  counting  process  took  only  2  min.  Such 
rapid  and  consistent  transport  enhances  the  accuracy 
of  the  oxygen  analyses. 

A  6.1  MeV  gamma-ray  is  produced  when  ^^0  reacts 
with  a  neutron  to  form  7.1  sec  As  can  be  seen 


1  , 


Fig.  4. 


from  Table  1,  the  short-lived  °N  can  be  analyzed  as 
many  times  as  necessary  without  any  interference 
from  yttrium  or  al\iminum. 

The  counting  system  consisted  of  two  5”x5”  sodium 
iodide  thallium  crystals.  A  vertical  adjustment  system 
ensures  that  the  sample  is  centered  between  the  crystals 
to  maximize  the  4 it  geometry.  The  electronics  of  the 
counting  equipment  are  shown  in  block  diagram  of  Fig. 

5.  This  system  allows  an  energy  window  to  be  set  up 
using  a  single  channel  analyzer.  The  counts  in  the 
energy  window  are  used  for  the  analytical  data.  By 
using  a  calibrated  pulser  amy  drift  in  the  energy  peak 
can  be  detected  and  adjusted. 

From  the  radioactive  decay  equation  it  is  seen  that 
the  rate  of  disintegration  depends  on  the  number  of 
radioactive  nuclei  present  at  any  time.  Integration  of 
the  relationship. 


»  -  •  _  •  _  • 
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F ig ,  5 . 


dN 

dt 


-AN 


gives  N  =  N^e 

where  N  =  number  of  radioactive  atoms  at  any  time, 

N^  =  number  of  radioactive  atoms  at  t=0, 
o 

A  =  radioactive  desintegration  constant  = 

0.  693/tj^^2' 

Nq  is  calculated  for  both  the  unknown  and  the  standard. 
The  counts  in  each  counting  interval  is  a  definite  in¬ 
tegral  . 
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N/unk/ 

N  / unk /  =  — 

-Xt/unk/  -Xt/std/ 

6  C  _ 


N/ std/ 

N_/std/  =  — - 

-Xt/std/  -X/std/ 

6  C _ 


The  ratio  of  N^( unk ) /N^ ( std )  is  the  ratio  of  oxygen 
in  the  standard  and  the  unknown,  and 


N^unk 

Oxygen /g/ in  unk  =  *  uxygen/g/in  std. 

‘^o 


This  method  of  calculation  does  not  depend  on  the 
exact  reproducibility  of  time,  only  the  interval  of 
time  measurement.  The  sensitivity  using  this  system  is 
of  the  order  of  1200-1300  counts  per  milligram  of  oxy¬ 
gen.  The  accuracy  of  this  method  is  considerably  en¬ 
hanced  by  the  removal  of  the  irradiated  capsule  before 
counting. 

Standard 

High  purity  AI2O2,  99.992%,  from  Adolf  Mueller  Co., 
and  ^20^/  99.999%  pure,  in  powder  form  from  Moly  Corp., 
were  vibrated  and  tamped  into  a  weighed  polystyrene 
capsule.  A  0.304"  diameter  x  1.250"  long  piece  of 
Lucite  was  used  for  the  oxygen  standard.  Once  it  was 
established  that  the  YAG  crystal  was  stoichiometric  it 
was  used  as  the  standard.  This  simplified  the  analysis 
considerably. 
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Apparatus 

A  Kaman  A-711  neutron  generator  was  employed  in 

this  work.  High  energy  neutrons  were  produced  by  the 
2  4 

H/d,n/  He  reaction  using  a  7  Ci  tritium  on  a  tita- 

9  -2  -1 

nium  target.  The  neutron  flux  was  5x10  n  cm  sec 
at  the  s£unple  position  with  deuteron  beam  intensity 
of  4  mA. 

RESULTS  AND  DISCUSSION 

The  quantitative  results  for  yttrium  and  aluminum 

were  based  on  the  measurement  of  the  activity  of  the 

88 

1.84  MeV  gamma  peak  of  Y  and  the  1.369  MeV  gamma 
peak  for  aluminum  for  both  sample  and  standard.  A 
simple  comparison  between  sample  count  and  standard 
count  yielded  the  quantitative  result.  The  values 
of  these  determinations  are  given  in  Table  2 .  As  can 
be  seen  the  relative  standard  deviation  falls  well  with 
in  the  quantitative  region. 

Sources  of  error  resulting  from  variation  of  the 

9 

neutron  flux  from  the  generator,  counting  loss,  and 
decay  correction  due  to  multichannel  dead  time  and 
pulse  pile  up  losses  have  been  taken  into  consider¬ 
ation  and  eliminated. 


CONCLUSION 

This  neutron  activation  technique  is  a  powerful  and 
useful  tool  and  also  unique  for  the  stoichiometric 
analysis  of  YAG  because  it  is  nondestructive  and  allows 
macro-concentrations  of  three  elements  to  be  determined 
There  is  no  other  analytical  method  that  can  accomplish 
this.  In  our  particular  experiments  we  had  several 
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grams  of  sample.  However,  the  technique  is  not  con¬ 
centration  dependent  as  are  most  wet  chemical  methods . 

Recently  strong  luminescence  with  a  wavelength  at 
390  nm  was  discovered  in  YAG  undoped  single  crystals^*^. 
Oxygen  deficiency  is  suspected  to  be  a  cause  of  this 
fluorescence.  By  using  the  neutron  activation  analysis 
technique  in  determination  of  oxygen  concentration  in 
YAG  can  prove  invaluable. 

A  value  of  obtained  from  each  of  the 

three  YAG  samples,  indicating  proper  premixing  before 
the  furnace  treatment.  It  was  also  found  that  a  pure 
YAG  crystal  can  be  used  as  a  comparative  standard  in 
the  analysis  of  newly  prepared  YAG  crystals. 
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Coamiander,  Harry  Diamond  Laboratories,  2800  Powder  Mill 
Road,  Adelphi,  MO  20783 
ATTN:  Technical  Information  Office 
AMSLC-RAE 


No,  of 
Copies 


To 


Office  of  the  Under  Secretary  of  Defense  for  Research  and 
Engineering,  The  Pentagon,  Washington,  DC  20301 
ATTN:  Mr.  J.  Persh 
Dr.  L.  Young 
Mr.  K.  R.  Foster 


Director,  U.S.  Army  Research  &  Technology  Labs, 

Ames  Research  Center,  Moffet  Field,  CA  94035 
1  ATTN:  DAVDL-O,  Dr.  R.  Carlson 
1  DAVDL-AL-D,  Dr.  I.  C.  Statler,  MS215-1, 

Aeromechanics  Laboratory 

Commander,  U.S.  Army  Missile  Comnand,  Redstone  Scientific 
Information  Center,  Redstone  Arsenal,  AL  35898-5241 
I  AHN:  AMSMI-RD-CS-R/ILL  Open  Lit 
1  AMSMl-RL,  Dr.  J.  J.  Richardson 

1  AMSMI-R,  Dr.  W.  C.  McCorkle 

Commander,  U.S.  Army  Aviation  Systems  Command,  P.O.  Box  209 
St.  Louis.  MO  63120 
1  ATTN;  AMSAV-NS,  Mr.  M.  L.  Bauccio 
1  Technical  Library 

Coemiander,  U.S.  Army  Natick  Research,  Development,  and 
Engineering  Center,  Natick,  MA  01760 
1  ATTN:  Technical  Library 
1  Dr.  J.  A.  Sousa 

1  Dr.  fl.  J.  Byrne 

1  Dr.  R.  Lewis 

Coflinander ,  U.S.  Army  Satellite  Communications  Agency, 

Fort  Monmouth,  NJ  07703 
1  ATTN:  Technical  Document  Center 

Commander,  U.S.  Army  Science  and  Technology  Center 
Far  East  Office,  APO  San  Francisco,  CA  96328 
1  ATTN:  Terry  L.  McAfee 

Conmander ,  U.S.  Army  Communications  and  Electronics  Comnand, 
Fort  Monmouth,  NJ  07703 

1  ATTN:  AMSEL-TDO,  Mr.  T.  A.  Pfeiffer,  Technical  Dir. 

Director,  Electronic  Technology  and  Devices  LaO, 

Fort  Monmouth.  NJ  07703 
1  ATTN:  OELET-D,  Or.  C.  0.  Thornton 

Comnander,  U.S.  Army  Tank -Automotive  Comnand,  Warren, 

MI  48090 

1  ATTN:  Or.  W.  Brytik 

1  0.  Rose 

1  AMSTA-RKA 

I  AMSTA-UL,  Technical  Library 

1  AMSTA-R 

1  AMSTA-NS,  Dr.  H.  H.  Dobbs 

Commander,  U.S.  Army  Armament,  Munitions  and  Chemical 
Comnand,  Dover,  NJ  07801 
1  ATTN:  Mr.  J.  Lannon 

1  Mr.  H.  E.  Pebly,  Jr.,  PLASTEC,  Director 

1  Technical  Library 

1  Or.  T.  Davidson 

1  Or.  8.  Ebihara 

1  AMSMC-LC(D).  Dr.  J.  T.  Frasier 

Comnander,  U.S.  Army  Armament,  Munitions  and  Chemical 
Comnand,  Rock  Island,  IL  61299 
1  ATTN:  Technical  Library 

Comnander,  U.S  Army  Armament,  Munitions  and  Chemcial 
Comnand,  Aberdeen  Proving  Ground.  MO  21010 
1  ATTN:  AM5MC-CLN-ST,  Mr.  S.  Shukis 

Comnander,  Aberdeen  ^roving  Ground,  MD  21005 
1  ATTN:  AMDAR-CLB-PS.  Mr.  J.  Vervier 

U.S.  Army  Corps  of  Engineers.  Construction  Engineering 

■  ■  ■  . . .  ■■  '\S'~ 


Research  Lab,  P.O.  Box  4005,  Champaign 
ATTN:  Or.  Robert  Quattrone 


!l  61820 


Comnander,  U.S.  Army  Belvoir  RD6E  Center. 

Fort  Belvoir,  VA  22060-5606 

ATTN:  STRBE-FS,  Mr.  W.  McGovern.  Fuel  6  wtr  Sup  Div 
AMOME-V,  Mr.  E.  York 
AMDME-HS,  Dr.  K.  H.  Steinbach 
AMOME-ZT,  Mr.  T.  w.  Lovelace.  Tech  Dir 
Mr.  M.  Lepera 

Director,  U.S.  Army  Ballistic  Research  Laboratory, 

Aberdeen  Proving  Ground.  MO  21005 

ATTN:  AMOAR-BLT,  Dr.  A.  M.  Dietrich 

AMOAR-BLF,  Dr.  A.  Niller 

AMDAR-BLl,  Mr.  L.  Watermeier 

AM5MC-BL(A).  Dr.  R.  J.  Eichelberger 


No.  Of 

Coplos _ To _ 

CoHHKdtr,  Rock  Island  Arsenal,  Rock  Island, 

IL  61299 

1  ATTN:  SARRI-EN 

Director,  U.S.  Amy  Industrial  Base  Engineering  Activity, 
Rock  Island,  IL  61299 
1  ATTN:  /WXI8-NT,  Hr.  G.  B.  Ney 

Chealcal  Research  and  Developaent  Center,  Aberdeen 
Proving  Ground,  NO  21010 
1  ATTN:  «W1SMC-CL0(A),  Or.  B.  Richardson 

CoBNnder,  U.S.  Amy  Test  and  Evaluation  Comand, 

Aberdeen  Proving  Ground,  HD  21005 
1  ATTN:  AHSTE-HE 

1  AMSTE-TD,  Nr.  H.  J.  Peters 

CoMinder,  U.S.  Amy  Foreign  Science  and  Technology  Center, 
220  7th  Street,  N.E.,  Charlottesville,  VA  22901 
1  ATTN:  Nllltary  Tech 
1  Nr.  J.  Crider 

1  Ns.  P.  Durrer 

1  Nr.  P.  Greenbaiaa 

Chief,  Benet  Weapons  Laboratory,  Watervllet,  NY  12189 
1  ATTN:  WOAR-LCB-TL 
1  Or.  G.  D'Andrea 

1  ANOAR-LCB,  Or.  F.  Sautter 

Director,  Eustls  Directorate,  U.S.  Amy  Nobility  Research 
and  Oevelopaent  Laboratory,  Fort  Eustls,  VA  23604 
1  ATTN:  SAVOL -E-NOS  (ANCCON) 

Coanander,  U.S.  Amy  Engineer  Waterways  Experiment  Station, 
Vicksburg,  NS  39180 
1  ATTN:  Research  Center  Library 

Project  Nanager,  Nunitlons  Production  Base,  Nodernliatlon 
and  Expansion,  Dover,  NJ  07801 
1  ATTN;  M4CPM-PBN-P 

Technical  Director,  Huaan  Engineering  Laboratories,  Aberdeen 
Proving  Ground,  NO  21005 
1  ATTN:  Technical  Reports  Office 

1  ANXHE-0,  Or.  J.  0.  Weist 

Chief  of  Naval  Research  Arlington,  VA  22217 
1  ATTN:  Code  471 
1  Or,  A,  Oiness 

1  Dr.  R.  Pohanka 

Naval  Research  Laboratory,  Washington,  OC  20375 
1  ATTN;  Code  5830 

Headquarters,  Naval  Air  Systems  Command, 

Washington,  OC  20360 
1  AHN:  Code  5203 

Headquarters,  Naval  Sea  Systems  Command,  1941  Jefferson 
Davis  Highway,  Arlington,  VA  22376 
1  AHN:  Code  035 

Headquarters,  Naval  Electronics  Systems  Comnand, 

Washington,  OC  20360 
1  AHN:  Code  504 

Commander,  Naval  Ordnance  Station,  Louisville,  kr  40214 
1  ATTN:  Code  85 

Coamunder,  Naval  material  Industrial  Resources  Office, 
Building  537-2,  Philadelphia  Naval  Base,  Philadelphia, 

PA  19112 

1  ATTN:  Technical  Oirector 

Camaander,  Naval  Weapons  Center,  China  Lake  CA  93555 
1  ATTN:  Hr.  F.  Harkarlan 

CoaaMnder,  U.S.  Army  Wright  Aeronautical  Labs,  Wrlght- 
Patterson  Air  Force  Base,  OH  45433 
1  ATTN:  Or.  N.  Tallan 
1  Dr.  H.  Graham 

1  Dr.  R.  Ruh 

1  Aero  Propulsion  Labs,  Nr.  R.  Harsh 

1  Dr.  H.  N.  Burte 

1  AfWAL/NLLP,  ».  D.  Forney 

1  AFHL/NLLN,  Nr.  H.  L.  Gegel 

1  AFSC/NLLN,  Dr.  A.  Katz 


No. 

Copies _ To _ 

Comaander,  Air  Force  Amament  Center,  Eglin  Air  Force 
Base,  FL  32542 
1  ATTN:  Technical  Library 

National  Aeronautics  and  Space  Administration,  Lewis 
Research  Center,  21000  Brookpark  Road,  Cleveland, 

OH  44135 

1  ATTN:  J.  Accurlo,  USANROL 
1  Dr.  H.  B.  Probst,  NS  49-1 

1  Or.  S.  Dutta 

National  Aeronautics  and  Space  Administration,  Washington, 
OC  20546 

1  ATTN:  AFSS-AD,  Office  of  Scientific  and  Technical  Info. 

National  Aeronautics  and  Space  Adalnistratlon,  Langley 
Research  Center,  Hampton,  VA  23665 
1  AHN:  Hr.  J.  Buckley,  NS  387 

1  Dr.  J.  Heyman,  NS  231 

1  Nr.  R.  L.  Long,  NS  266 

Conaander,  White  Sands  Nisslle  Range,  Electronic  Warfare 
Laboratory,  ONEW,  ERAOCOH,  White  Sands,  NN  88002 
1  ATTN:  Nr.  Thomas  Reader,  ANSEL -WLN-NE 

Department  of  Energy,  Division  of  Transportation, 

20  Nassachusetts  Avenue,  N.W.,  Washington,  OC  20545 
1  AHN:  Hr.  G.  Thur 

1  Dr.  R.  J.  Gottschall,  ER-131,  GTN 

Department  of  Transportation,  400  Seventh  Street,  S.W., 
Washington,  DC  20590 
1  ATTN:  Hr.  N.  Laurlente 

1  Nechanical  Properties  Data  Center,  Belfour  Stulen  Inc., 
13917  W.  Bay  Shore  Drive,  Traverse  City,  HI  49684 

National  Bureau  of  Standards,  Washington,  OC  20234 
1  ATTN:  E.  S.  Etz.  Bldg.  222,  Rm  A-121 

1  0.  L.  Hunston,  Bldg.  224,  Rm  A-209 

1  Or.  D.  H.  Reneker,  Dep.  Dir.,  Ctr  for  Matl's  Scl. 

1  Dr.  Lyle  Schwartz 

1  Dr.  Stephen  Hsu 

1  Dr.  Allan  Oraggoo 

U.S.  Bureau  of  Nines,  mineral  Resources  Technology, 

2401  £.  Street,  N.W.,  Washington,  DC  20241 
1  ATTN.  Hr.  M.  A.  Schwartz 

National  Bureau  of  Standards,  Galthersburgh,  NO  20760 
1  ATTN:  Or.  S.  Wiederhorn 

I  Or.  J.  B.  Wachtman 

1  Dr.  N.  Tighe 

National  Research  Council,  National  materials  Advisory 
Board,  2101  Constitution  Avenue,  Washington,  DC  20418 
1  ATTN:  Dr.  K.  Zwilsky 

1  D.  Groves 

1  R.  N.  Spriggs 

I  J.  Lane 

National  Science  Foundation,  materials  Division,  1800 
G  Street,  N.W.,  Washington,  DC  20006 
1  ATTN:  Dr.  L.  Toth 

1  Dr.  J.  Hurt 

AiResearch  manufacturing  Company,  AIResearch  Casting 
Company,  2525  West  190th  Street,  Torrance,  CA  90505 
1  ATTN:  Nr.  K.  Styhr 

AVCO  Corporation,  Applied  Technology  Division,  Lowell 
Industrial  Park,  Lowell,  NA  01887 
1  ATTN:  Or.  T,  Vasllos 

Case  Western  Reserve  University,  Department  of  metallurgy, 
Cleveland,  OH  60605 
1  AHN:  Prof.  A.  H.  Heuer 

Defence  Research  EstabI Ishment  Pacific,  FHO,  Victoria, 

B.C..  VOS  IBO,  Canada 
1  ATTN:  R.  0.  Barer 

European  Research  Office,  223  Old  Haryleborne  Road,  London, 
NWl  -  5th,  England 
1  AHN:  Or.  I.  Almiad 


Ford  Motor  Company,  Turbine  Research  Department,  20000 
Rotunda  Drive,  Dearborn,  MI  48121 
1  ATTN:  Mr,  A.  F.  McLean 

1  Mr.  J.  A.  Mangels 

Ford  Motor  Company.  P.0,  Box  2053,  Dearborn,  MI  48121 
1  ATTN:  Or.  0.  Compton,  Vice  President,  Research 

General  Electric  Company,  Research  and  Development  Center, 

Box  8,  Schenectady.  MY  12345 
1  ATTN;  Or.  R.  J.  Charles 

1  Or.  C.  0,  Greskovich 

1  Or.  S.  Prochazka 

Georgia  Institute  of  Technology,  EES,  Atlanta,  GA  30332 
1  ATTN:  Mr.  J.  0.  Walton 

GTE  Sylvania,  Waltham  Research  Center,  40  Sylvania  Road, 
Waltham,  MA  02154 
1  ATTN:  Dr.  w.  H.  Rhodes 

Martin  Marietta  Laboratories,  1450  South  Rolling  Road, 
Baltimore,  MO  21227 
1  ATTN:  Or.  J.  Venables 

Massachusetts  Institute  of  Technology,  Department  of 
Metallurgy  and  Materials  Science,  Cambridge,  HA  02139 
1  AHM:  Prof.  H.  L.  Coble 

1  Prof.  H.  K.  Bo«fen 

1  Prof.  W.  0.  Kingery 

1  Prof.  J.  Vander  Sande 

Materials  Research  Laboratories,  P.O.  Box  50,  Ascot  Vale, 

VIC  3032,  Australia 
1  attN:  Or.  C.  W.  Weaver 

Midwest  Research  Institute.  425  Volker  Boulevard, 

Kansas  City,  MO  64110 

1  ATTN:  Mr.  G.  W,  Gross,  Head,  Physics  Station 

Pennsylvania  State  University,  Materials  Research  Laboratory, 
Materials  Science  Department,  University  Park,  PA  16802 
1  ATTN;  Prof,  R.  Roy 

1  Prof.  R,  E.  Newnham 

I  Prof.  R,  i.  Tressler 

1  Or.  C.  Pantano 

1  Mr.  C.  0.  Ruud 

State  University  of  New  York  at  Albany,  Department  of 
Physics.  Albany,  NY  12222 
1  ATTN:  Prof.  W.  A.  Lanford 

State  University  of  New  York  at  Stony  Brook,  Department  of 
Materials  Science,  Long  Island,  NY  11790 
I  AHN:  Prof.  F.  F.  Y.  Wang 

Stanford  Research  International,  333  Ravenswood  Avenue, 

Menlo  Park.  CA  94025d 
1  ATTN:  Or.  P.  Jorgensen 

1  Or.  D.  Rowcliffe 

United  Technologies  Research  Center,  East  Hartford.  CT  06108 
1  ATTN:  Or.  J.  Brennan 

1  Or.  K.  Prewo 

University  of  California,  Lawrence  Livermore  Laboratory. 

P.O.  Box  808,  Livermore,  CA  94550 
1  ATTN;  Mr.  R.  Landingham 

1  Or.  C.  F.  Cline 

1  Or.  J.  Birch  Holt 

University  of  Florida,  Department  of  Materials  Science  and 
Engineering,  Gainevislle,  FL  32611 
1  ATTN;  Or.  L.  Hench 

University  of  Washington,  Ceramic  Engineering  Division,  F6-10. 
Seattle,  WA  98195 
I  ATTN:  Prof.  R.  Bradt 

Westinghouse  Electric  Corporation,  Research  Laboratories, 
Pittsburgh.  PA  15235 
I  ATTN:  Or.  R.  J.  Bratton 

Battelle  Pacific  Northwest  Lab,  NOT  Section,  Richland, 

WA  99353 

1  ATTN:  Mr.  A.  Birks,  Associate  Manager 


Rensselaer  Polytechnic  Institute,  Department  of  Materials 
Engineering,  Troy,  NY  12181 
1  ATTN:  R.  J.  Oiefendorf 

Oak  Ridge  National  Laboratory,  P.O.  Box  X 
Oak  Ridge,  TN  37830 
1  ATTN:  P.  F.  Secher 
I  V.  J.  Tennery 

1  R.  Johnson 

Sandia  Laboratories,  Albuquerque,  NM  87185 
1  AHN:  Or.  F.  Gerstle,  Div  5814 

The  John  Hopkins  University,  Department  of  Civil  Engineering/ 
Materials  Science  and  Engineering,  Baltimore,  MD  28218 
1  ATTN:  Or.  R.  £.  Green,  Jr 

I  Director,  Office  of  Science  and  Technology  Policy,  Old 
Executive  Office  Building,  Washington,  DC  20223 

Subcommittee  on  Science,  2319  Rayburn  House  Office  Building, 
Washington,  DC  20515 
I  ATTN:  Mr.  P.  C.  Maxwell 

Aerospace  Corporation.  Materials  Science  Laboratory, 

2350  East  El  Segundo  Boulevard,  El  Segundo,  CA  90245 
I  ATTN:  Or.  L.  R.  McCreight 

IBM  Corporation,  Thomas  B.  Watson  Research  Center, 

Yorkstown  Heights,  NY  10598 
I  ATTN;  Or.  G.  Onoda 

Corning  Glass  Works,  Research  and  Development  Division, 
Corning,  NY  14830 
1  ATTN;  Or.  W.  R.  Priodle 

3M  Company,  New  Products  Department,  219-01*01,  3M  Center, 

St.  Paul,  MN  55144 
1  ATTN:  R.  E.  Richards 

Technology  Strategies,  Inc..  10722  Shingle  Oak  Ct., 

Burke.  VA  22015 
I  ATTN:  Or.  E.  C.  Van  Reuth 

Rutgers  University,  Center  for  Ceramics.  Rm  A274, 

P.O.  Box  909.  Piscataway,  NJ  08854 
I  ATTN:  Prof.  J.  B.  Wachtman,  Jr..  Director 

Syracuse  University.  304  Administration  Building. 

Syracuse,  NY  13210 
1  ATTN;  Or.  V.  Weiss 

Lehigh  University.  Materials  Research  Center  #32, 

Bethlehem,  PA  18015 
I  ATTN:  Or.  0.  M,  Smyth 

Alfred  Univv'Vity,  New  York  State  College  of  Ceramics. 

Alfred,  NY  14802 
1  ATTN;  Dr.  R.  L.  Snyder 

University  of  California,  Center  for  Advanced  Materials, 

058,  Hildebrand  Hall,  Berkeley,  CA  94720 
1  ATTN:  Prof.  G.  Somorjai 

Boeing  Aerospace  Company,  11029  Southeast  291.  Auburn, 

MA  9800? 

1  ATTN-  W.  E.  StrobeU 

University  of  California.  Materials  Science  and  Mineral 
Engineering,  Heart  Mining  Building,  Rm  .^S4,  Berkel'^y, 

CA  94720 

1  ATTN:  Prof.  G.  Thomas 

Director.  U.S-  Army  Materials  Technology  Laboratory, 
Watertown,  MA  02172-0001 

2  ATTN:  SLCMT-IML 
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